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elsewhere. The question is do households value the lake amenities and can the region chart a new economic future that is based on the lakes as in situ natural resources rather than one based on industrialization and extraction?
To explore this question, this paper examines whether proximity to lake amenities is associated with population and employment growth. We also test whether lake amenities have additional attraction value for individuals with high levels of human capital, building on the work by Moretti (2004) and Roback (1988) . Our analysis uses a unique dataset that includes geographically-defined variables related to natural amenities and environmental disamenities. While there is a plethora of research in the environmental literature that examines the effect of individual environmental disamenities on regional growth or local housing values, this is one of the first attempts to use detailed pollution and other environmental data to assess how environmental degradation can offset the benefits to regional growth from natural amenities.
We also separately control for whether a county is located on the coast of one of the Great Lakes and the distance to the nearest Great Lake; these measures help sort out whether positive lake amenity effects spillover into the region. Hence, our basic identification strategy will be whether proximity to the Great Lakes matters after conditioning on key factors that influence growth including initial industry composition, (other) natural amenities, and in some specifications, state fixed effects. The empirical model asks whether proximity to lake amenities influence growth in a given state after conditioning on other factors that also influence economic growth.
We also include a measure for whether or not a county is in the eastern versus the western part of the region in order to control for historic economics factors that might make economic prospects in the east (those counties closer to Lakes Erie, Huron, or Ontario) different than that in the west (those counties closer to Lakes Michigan or Superior). As shown in Table 1 , since 1990, the Western Great Lakes appear to be doing better economically, with anecdotal evidence that they are benefiting from amenitydriven growth. However, there has been little empirical examination of this potential "east-west" divide.
If the difference in growth rates is due to the fact that eastern counties are more industrialized and have more pollution, then once we control for such disamenities any differences should disappear.
Despite the growing body of literature demonstrating the positive growth effects of natural amenities, this is one of the only recent studies to focus specifically on the Great Lakes region. While some of the earliest investigations into the relationship between natural amenities and growth were for the areas around Lakes Michigan and Superior (Wehrwein and Johnson, 1943) , much of the recent research 6 has instead focused on the natural amenities of the mountain west or the South. Given the spatial heterogeneity of amenity effects , national studies are not always instructive in explaining how amenities would affect growth in this region.
The results reveal that, consistent with a story that high-skilled workers should be more attracted to places with higher levels of amenities, coastal areas in the Great Lakes region are positively associated with increases in shares of college graduates, relative to other parts of the region. However, after controlling for industrial disamenities, there is no statistical difference in this effect for places in the eastern part of the region versus the west.
At the same time, there is only weak evidence that lake amenities are associated with overall population or employment growth in the Great Lakes region. And after 2000, population and employment growth declined region-wide. Since proximity to the lakes was associated with rising rents in the 1990s, this suggests increasing household value and/or firm productivity from lake amenities. The overall decline in firm and household migration after 2000 could also be due to the value of amenities being capitalized into rents and wages; providing little reason for additional movement after 2000.
Another possible explanation is that the economic downturn of the 2000s may have reduced demand for access to lake amenities because they are normal, superior, or even luxury goods. Finally, there is evidence that the environmental quality in the lakes worsened after the late 1990s and this could explain a devaluing of the lake amenity post-2000.
Based on these results, it appears that Great lakes communities may be able to leverage their proximity to lake amenities to support economic growth, especially in terms of attracting individuals within the region with high levels of human capital who are most likely to make migration decisions based on QOL measures. We caution that additional analysis is needed to identify which policies would be most effective for specific portions of the region and to assess their costs. Further, if the recent deterioration of lake water quality in the region becomes widely known, it could act as a disamenity and repel those households most likely to consider migrating to the region. Such patterns would support the need to maintain or enhance environmental quality in order to maximize economic growth.
The remainder of this paper is organized into the following sections: Section II outlines the theoretical framework used for estimation; Section II presents the empirical specifications; Section IV discusses the unique dataset used in this analysis; Section V discusses the key results; and, lastly, Section VI summarizes and concludes.
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II. Theoretical Framework
Our empirical analysis is based on a two-equation spatial equilibrium framework (from Roback, 1982; Partridge et al., 2010; and Jeanty et al., 2010) in which firms maximize profits and households maximize utility. In this model, the representative household chooses amounts of a composite traded good (Y), land ( ), and site-specific characteristics (s) to maximize utility subject to a budget constraint:
,
where wage and rental payments are w and r and the price of the composite good is normalized to 1. The s vector includes all characteristics that make regions heterogeneous, including natural and urban amenities and environmental disamenities.
In spatial equilibrium, because households can sort to the location with the highest utility, wages and rents will adjust so that the indirect utility is the same in all regions, and is equal to , otherwise, some households would have an incentive to move.
The representative firm produces Y using a constant-returns-to-scale production function where N is the number of workers. Here the area characteristics act as profit shifters.
For example, a higher share of college graduates may raise the productivity of the firm.
Again, under the assumption of perfect mobility, in spatial equilibrium, wages and rents will adjust so that unit costs are equalized across regions, and are equal to 1. We utilize the unit cost function because of the constant returns to scale assumption.
Given a partial adjustment process, in the long run, spatial equilibrium will be reached when utility and cost differentials are eliminated across all regions. In equilibrium, because the value of 8 amenities is capitalized into wages and rents, Roback (1982) and others have shown that regional differences in wages and rents can be used to value location-specific attributes.
However, as shown by Rappaport (2004) , spatial equilibrium is the long-run steady state of a growth model and migration toward equilibrium (i.e. being out of the steady state) can be persistent.
Even small frictions to labor and capital mobility, productivity, or QOL can draw this adjustment process out for decades. The literature includes a number of papers that have found ongoing migration toward equilibrium in the United States (Graves and Mueser, 1993; Rappaport, 2007; Greenwood et al. 1991; ).
Thus, we assume there will be ongoing movements toward equilibrium. And, since regional utility and cost differentials are the main drivers of firm and household relocations across regions, the movement of households and the movement of firms are functions of these differentials:
where reflects frictions to household movement, such as moving costs and imperfect information, and is an adjustment factor related to firm movement, such as moving costs and barriers to entry.
The model can also be expanded to include two types of workers in the spirit of Roback (1988) and Moretti (2004) , high-human capital workers and low human-capital workers. In that case, there would be two household migration equations with each type responding to different long-run spatial equilibrium utility levels.
III. Empirical Specifications
Following Roback (1982) and a host of other empirical papers that have subsequently used the Roback model (e.g., Partridge et al., 2010; Jeanty et al., 2010) , we thus consider how population and employment changes are affected by natural amenities, especially access to the Great Lakes, and environmental disamenities (equations (6) and (7), below). Population changes are affected by migration of households, related to equation (4). While we are interested in assessing movement of households or migration due to utility differentials, Rappaport (2007) and Faggian et al. (2012) show that population change is a good proxy for household migration and reveals the representative household's assessment of 9 where his/her well-being is improved. Employment changes are determined in the labor market by the movement of both households and firms, equations (4) and (5) above. Household movements affect labor supply and firm movements affect labor demand; and they jointly determine a region's employment level.
To better understand who is moving, and assuming amenities are normal or superior (or luxury) goods, we also investigate whether higher-educated individuals or those with higher levels of human capital are choosing to locate near amenities in the region. Specifically, we consider the change in the share of college graduates in the region as demonstrated in equation (8). This allows us to test Moretti's (2004) and Roback's (1988) extension of the original Roback (1982) model.
For each county i in state s, the reduced form estimation equations are:
AMENITY includes the natural amenities and industrial disamenities, X is a vector of control variables (described in Section V), 's are state fixed effects that account for common state-specific factors such as regulatory regime and tax structure, and the 's are error terms. State fixed effects will control for any specific state policies that might lead to higher or lower growth rates. As explained below, we examine changes in both the 1990s and from 2000 to 2007. 1 We specifically choose to cut off our analysis in 2007 in order to avoid including the most recent recession in our analysis. We consider the two decades separately because other research has found some evidence that in recent years the effect of amenities may be changing while the role of economic migration has declined. .
Using 2000 as our split between the time periods also relates to the availability of data in the year 2000. These models allow us to test whether lake amenities are positively associated with changes in population, employment, and the share of the population with high-human capital in the Great Lakes region. They also provide a means of testing whether there is an offsetting impact from pollution and industrial disamenities and whether there are differences in the eastern versus the western parts of the region. As seen in Table 1 , eastern counties have experienced slower population growth, are closer to federally-designated hazardous waste (Superfund) sites, have more power plants, and have more water and air pollution than those in the west.
Given that population and employment growth declined after 2000, and because of evidence that the effect of amenities may be changing , we are also interested in whether there was a change in preference for lake amenities or a change in productivity associated with being closer to one of the lakes. Thus, we consider the change in the value of the amenity from the 1990s to the post-2000 time period by using a first differencing approach. 
For all models (6, 7, 8, and 9), we adjust for both standard heteroskedasticity and any clustering of the standard errors based on the Bureau of Economic Analysis economic areas. Primo et al. (2007) show that not properly accounting for this correlation can lead researchers to overstate the statistical significance of coefficient estimates. We also consider the possibility of general spatial error correlation, spatial correlation of the dependent variables, and spatial spillovers of the explanatory variables and test all models using Moran's I and LM Error and LM Lag tests (results not shown). Overall, the results are qualitatively similar to those shown in Tables 2 to 7 . Further, sensitivity analysis will test if the results are robust to the model specifications.
IV. Data
We have constructed a unique dataset that consists of observations for the counties in the eight states in the U.S. Great Lakes region -Illinois, Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, and Wisconsin. Counties within 100 miles of the Atlantic Ocean are excluded from this sample. As discussed in detail below, data are collected from a variety of sources, including the U.S.
Census, the Bureau of Economic Analysis (BEA), the Department of Housing and Urban Development (HUD), the Environmental Protection Agency (EPA), the Department of Energy (DOE), the U.S.
Geological Service (USGS), USDA-Economic Research Service (USDA-ERS), and others. ArcGIS is also used to construct a number of specialized variables using data from these sources. This dataset allows us to control both for access to lake amenities and the intervening effects of industrial disamenities while also controlling for other factors that would be expected to explain regional growth. Table 1 shows the full list of variables and some descriptive statistics.
Dependent Variables
The analysis uses the following dependent variables: 
Explanatory Variables
The AMENITY variables can be grouped into two categories -natural amenities and industrial disamenities. Natural Amenities include measures related to the Great Lakes and other natural amenities that may important to households. The value of the Great Lakes is measured by 1) distance to the nearest Great Lake in kilometers and 2) a coastal measure that indicates whether or not a county is located on the coast of a Great Lake. Other natural amenities included in the model are measures of relative values of January temperature, July temperature, and topography. 5 We also create a measure of interior water area that does not include the water area in the Great Lakes. Additionally, we have a measure of the percent of the county that is in forest cover. These natural amenity data are time-invariant and are from USDA/ERS, USGS, or constructed using ArcGIS. 6 The Great Lakes region also has "lake-effect snow," with there being higher annual snowfalls in counties bordering the Great Lakes than in non-coastal counties (44. 5 versus 24.9 inches). Thus, in sensitivity analysis, we include average annual snowfall from the National Outdoor Recreation Supply Information System (NORSIS).
Industrial disamenities data include number of power plants, constructed using data from DOE's Energy Information Administration (EIA); and from the EPA, distance to the nearest federally-designated toxic waste "Superfund" site and measures of total air and water pollution (in pounds) released in the county (measures of industrialization) using Toxic Release Inventory (TRI) data. Because of high levels of multicollinearity among the disamenity measures, we create disamenity indices for both 1990 and 2000, which are comprised of the sum of the z-scores for the four disamenity measures in each year. This approach is similar to that used by McGranahan (1999) to construct his well-known index of natural 13 amenities. This allows us to assess the offsetting impact of disamenities in the models while avoiding the multicollinearity that arises when the measures are included individually.
In deciding what variables to include in the X vector, we follow the literature in proxying for the other forces that influence household and firm migration such as demographic composition, industry composition, urban proximity, and amenities (Deller et al., 2001; Glaeser et al., 1995; 2009) . Conditioning on other factors that affect household and firm migration is important to ensure that the results are not affected by omitted variable bias. All time-varying explanatory variables are from the initial time period in order to mitigate any endogeneity. Alternative model specifications are considered as robustness tests.
Because the attractiveness of a region is affected by access to urban amenities or urban agglomeration that may increase productivity, we control for urban access and agglomeration through a dummy variable for counties in metropolitan areas; measures of distance (in kilometers) to the nearest metropolitan area, and incremental distances to metro areas with 250,000, 500,000, and 2.5 million people (based on the 2000 Census), which are generated using ArcGIS; and population density, which is measured in 1990 and 2000, using U.S. Census data. 7 By including measures of proximity to cities of various sizes, we are controlling for whether a community is near a small metropolitan area like Springfield, Illinois, with about 200,000 people, or a large one like Chicago, with over 9 million people, which provides access to the full range of urban amenities and services for businesses.
The educational attainment of the population can increase the attractiveness of a region to firms due to productivity benefits and many endogenous growth theories rely on a pool of human capital skills to generate growth. However, for some areas with limited employment prospects, a higher initial share of educated individuals may actually be inversely related to growth. Finally, college graduates may be attracted to areas with higher levels of amenities. found that the relationship between college graduate share and growth was generally negative in nonmetropolitan counties in the Midwest; but that there is tremendous heterogeneity in the relationship between college graduates and growth. From the U.S. Census, for 1990 and 2000, we include measures of educational attainment, including percent of population 25 and older with only high school diplomas (or equivalent), those with some college, and college graduates (i.e., bachelors, graduate, professional, and doctorate degrees).
Other demographic measures from the U.S. Census, available for both 1990 and 2000, include racial composition, gender composition, age composition, and percent of the population that is married.
As shown in much of the migration literature, the demographic composition of a region can affect its relative attractiveness to both people and firms. For example, young, single men may be more attracted to a place with a higher percentage of young, unmarried women. Similarly, firms would be more attracted to a place with working age people of both genders. Since people tend to be attracted to places with similar types of people, racial composition may affect migration.
To control for initial economic conditions, we include the initial percent of the population over 16 that is employed, which is a measure of the efficiency of the local labor market, and data on industrial composition. From BEA and EMSI 8 county-level industry employment data, we construct shares of county employment in various industries in 1990 and 2000. Specifically, we use initial percent of total employment in manufacturing, agriculture, and government; and percent of wage and salary employment in leisure companies (NAICS Sectors 71 and 72). These employment shares control for economic opportunities and the industrial mix. By including the share of leisure employment, we are controlling for whether there is a high level of employment in industries that are associated with a tourist destination.
The share of 1970 manufacturing employment, from the BEA, controls for historic industrial legacy effects that may prevent a county from taking advantage of lake-related amenity development.
Industrial legacy effects include both abandoned factories and other abandoned industrial sites which are not fully accounted for in the disamenity index and a dependence on an industry composition of declining industries; both of which would be expected to contribute to lower growth.
In sensitivity analysis, we include the initial share of recreational homes from the U.S. Census, to control for areas that have a history of being tourist areas. Additionally, if retirees choose to convert these summer homes into retirement homes, this may have long-term effects on population growth. However, we caution that recreational homes may be endogenous, as people may choose to buy recreational homes in places where they expect the economy to do well in order to improve the resale value.
The east-west effect is proxied by a dummy variable, East, that is equal to 1 if the nearest Great Lake is Erie, Huron, or Ontario. We also interact the east variable with distance to the nearest Great Lake and the coastal variable to test whether there is a difference in the effect of lake amenities in the eastern versus the western portions of the Great Lakes region after controlling for other factors.
Since we are interested in the Great Lakes as drivers of growth, ideally we would have good data on water quality. However, as noted by Gyourko et al. (1997) , since water quality is monitored at the state level and the standards vary across states, consistent measures of water quality for the entire region are unavailable.
To avoid direct endogeneity, the explanatory variables are measured at the beginning of the period. For example, if the dependent variable measures a change from 1990 to 2000, the explanatory variables are from 1990.
V. Results and Discussion
Because of multicollinearity concerns, we first estimate several parsimonious models that only include the natural amenities measures, the disamenity index, and combinations of the state fixed effects, the East indicator dummy variable, and measures of urban proximity, to assess if there were any relationships between the variables of interest -proximity to amenities and disamenities and the "east"
variables -and our growth measures. We then add demographic and industrial control variables as well as measures of spatial spillovers and other economic controls. When state fixed effects are included in the models, there is additional evidence of multicollinearity, although including them does not significantly change the results. Thus we report estimates without state fixed effects.
Additionally, including both the initial and changes in the explanatory variables when estimating changes in population, employment, and college graduate share growth between the decades [equation (9)] introduces multicollinearity into the models. Thus, we report only the models which include the beginning (1990) levels of time-varying explanatory variables in the results; which also minimizes endogeneity. Doing so does not change the key results.
Population Changes
As shown in Table 2 , overall proximity to the Great Lakes does not seem to be a major driver of population growth. In the 1990s, being on the coast was associated with roughly 4% lower population growth than the rest of the region. This result holds up as we move from Model 1, which includes only controls for urban and natural amenities and disamenities and whether or not a county is in the east, through Model 3, which includes a full set of demographic and industrial controls. At the same time, however, there is a slightly positive relationship between being closer to one of the Great Lakes and population growth, roughly 0.2% for every 10 kilometers from one of the lakes. Since the populationweighted centroid of the average coastal county is 10 kilometers from a Great Lake, the average coastal county in the region has -3.8% lower population growth than other counties in the region. One possibility for this result may be that coastal counties have higher population densities; in 1990 coastal counties had an average of 174 people per square mile, while non-coastal counties had only 186 people per square mile, a statistically significant difference (t-statistic = 4.92). This suggests perhaps there are limits to growth along the coasts where population densities are high though many coastal counties are relatively sparsely populated with considerable room for more dense development. However, since our models control for population (or population density), the growth we observe is after accounting for that factor.
Another possible explanation for the negative coastal effect may be due to higher housing prices along the coast. While in 1990, coastal and non-coastal areas had statistically similar housing prices, by 2000, housing prices in coastal counties had jumped so that the average median housing value was $93,639 in coastal counties versus $85,690 in non-coastal counties (difference in means t-statistic =2.65).
Thus, over the decade, rising housing prices may have discouraged people from wanting to live in coastal counties.
We also considered whether the amount of snowfall may be driving this negative coastal effect.
However, controlling for snowfall does not affect our results in the 1990s nor is snowfall statistically related to population growth (results not shown).
Perhaps people in this region are just generally interested in having access to the lakes for recreational purposes, but may not care whether or not they directly live on the lake, consistent with a story that natural amenities can have significant distance effects. There is also the possibility that disamenities that are located directly on one of the lakes, like power plants, may keep people from wanting to live directly on the lake. Since we are only using county-level data, we may be unable to distinguish between on-lake disamenities and those further from the coast. Additionally, using county-level data means it also may be that we are not able to distinguish between those households that live exactly on the coast of one of the Great Lakes, or within a short distance of a lake, and those that live within a coastal county but farther from the lake.
Overall, eastern counties had lower total population growth in the 1990s. However, eastern coastal counties had slightly higher population growth than other counties in the eastern part of the region. At the same time, for counties in the eastern part of the region, there is a small positive relationship between being farther away from one of the Great Lakes and population growth. The net result is that, in the 1990s, it appears that the eastern part of the region saw almost no population growth effect due to lake amenities. An alternative explanation is that because regression provides the average effect, it may mask the positive gains of a few key coastal counties.
Table 2 also shows that after 2000 the correlation between proximity to one of the Great Lakes and population growth weakens considerably. Again, these results are robust to the inclusion of additional explanatory variables, in moving from Model 1 to Model 3. As expected from the lack of statistical difference between average eastern and western population growth in that decade (see Table 1 ), all else equal, both parts of the region experience similar levels of growth and the negative association between being in the east and total population change is smaller. This is also consistent with evidence that amenity-driven migration is declining in recent years. Yet, coastal counties (in the entire region)
continue to be negatively associated with population growth. And, as shown in Model 3, after 2000, eastern coastal counties continue to see higher population growth (1%) than other eastern counties in the region. Interestingly, after 2000, when we control for snowfall, any negative impact on population growth from being on the coast disappears and there is a weak negative statistical relationship between snowfall and population growth (results not shown).
Looking closely at whether there is an offsetting effect of proximity to industrial and environmental disamenities, we see some evidence of a negative disamenity effect. In both decades, higher levels of the disamenity index are associated with statistically significant lower population growth.
However, once we control for the industrial mix in Model 3 (in both decades), the statistical significance disappears. We initially were concerned that disamenities could be associated with employment opportunities, so we replaced the disamenity measure for 2000 with the measure for 1990 in the post-2000 models (results not shown). The results are qualitatively similar to those using the 2000 disamenity index and we conclude that the measure is not endogenous. This is further verified by the lack of 18 correlation between changes in employment and the disamenities index; -0.16 in the 1990s and -0.02 after 2000.
Employment Changes
Next we consider employment changes. Overall, there is only a weak, negative relationship between proximity to the Great Lakes and employment growth.
In the 1990s, as Table 3 shows, being on the coast of one of the Great Lakes was weakly associated with less employment growth. This is consistent with the lower population growth observed in those counties. Again, as expected, we also find evidence that, overall, being in the east was associated with lower 1990s employment growth. However, unlike with population growth, eastern coastal counties are not doing better than other eastern counties when it comes to job growth, and this result is robust from Model 1 to Model 3 as we add explanatory variables. Additionally, in Model 3, we observe a (weak) additional negative relationship between being in the east and closer to one of the Great Lakes and employment growth.
After 2000, as Table 3 illustrates, for the broader region there appears to be no statistically significant relationship between proximity to the Great Lakes and job growth. And consistent with the lack of statistical difference between average eastern and western employment growth in that decade (see Table 1 ), all else equal, both parts of the region experience similar levels of growth.
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We also consider whether there is a relationship between disamenities and employment growth.
In the 1990s, the disamenity index appears to be weakly negatively associated with employment growth.
This suggests that job growth in the region is probably not due to gains from manufacturing and other businesses which might find proximity to power plants and other sources of pollution to be attractive or productivity enhancing. We see further evidence of this from the positive and statistically significant coefficient on the share of wage and salary leisure employment in the 1990s employment change equation. 10 However, after 2000, the statistically significant correlation between share of initial leisure employment and overall employment growth disappears and there is now a positive and statistically significant relationship between the level of disamenities and employment growth. This suggests that 9 We also considered whether snowfall affects our employment results, since coastal counties have higher levels of annual snowfall. However, we find that snowfall has no effect on our results (results not shown). 10 While not shown, the coefficient on the share of wage and salary leisure employment in Table 3 
College Graduate Share Growth
To explore whether those with high levels of human capital are more likely to be attracted to high levels of amenities, we consider the growth in the share of college graduates. As Table 4 illustrates, in both decades, coastal counties were associated with higher levels of growth of college graduates, which is consistent with the theoretical models of Roback (1988) and Moretti (2004) . Additionally, the statistically significant relationship between percent water (excluding the Great Lakes) and the growth in the share of college graduates provides further evidence that college graduates are attracted to natural amenities. For the 1990s, however, away from the coastal counties, being farther from one of the Great Lakes is statistically significant and positively associated with higher growth in college graduates. This suggests that there is a split among college graduates. Some relocate to areas immediately adjacent to one of the lakes and others locate where access to the Great Lakes is not a factor. For example, recreational amenities may draw college graduates and those in creative occupations to places like Traverse City, Michigan. However, the availability of jobs is likely the main driver in relocations to places like Columbus, Ohio, where proximity to Lake Erie, which is more than 100 miles away, is not likely a factor.
We also examined whether there is a difference between the east and west. In the 1990s, there is no statistically significant difference between the east and west in terms of growth of college graduates.
But after 2000, the eastern counties actually seem to be doing better, overall, in terms of increasing their share of college graduates. And, in both decades, the eastern coastal counties appear to enjoy the same boost (or even more of one) in terms of attracting college graduates as their counterparts in the west. This suggests that the disamenity index is adequately controlling for industrialization effects and that the relatively poor performance of the eastern region is related to these disamenities. Finally, when we control for annual snowfall, we find no virtually no difference from our original results in either decade.
Differences between the 1990s and 2000s
In Table 5 , we explore whether the attraction value of lake amenities is changing between the 1990s and the post-2000 period by looking at the difference across decades. This also allows us to difference out the unobservable fixed effects [see Equation (9)].
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There is a positive change in the association between distance to the nearest Great Lake and population growth from the 1990s to the 2000s, suggesting that the value of being closer to the lake declined after 2000 (which is consistent with the results in Table 2 ). One explanation is that if amenities are normal or superior goods, then the sluggish economy post-2000 may have reduced the demand for lake-based amenities. Another possible reason is that the environmental quality of the lakes worsened after the late 1990s and this may explain the reversal of migration patterns post-2000.
We also difference across decades to see if there is a change in the value of proximity to the Great Lakes relative to employment growth between the 1990s and the post-2000. As shown in Table 5 , there is evidence of a weak increasing coastal effect on employment growth across the decades, suggesting that perhaps there is an increasing productivity benefit from being on the coast.
Finally, we consider the difference in growth in college graduate shares across decades. Again, this allows us to difference out the fixed effects and assess whether the value of proximity to the lakes in terms of increasing college graduate share is changing across decades. The positive and statistically significant coefficient for the coastal variable suggests that amenity-based migration for the college graduate population is becoming more important post-2000. And, other natural amenities, as evidenced by the positive and statistically significant coefficient on non-Great Lakes water, also appear to be increasing in value to college graduates. This contrasts with the negative change related to lake amenities we observe for the total population, but is consistent with the positive change for total employment. This is also evidence that the total population changes, which are averages across the entire population, may be masking the heterogeneity in the effect of being closer to one of the lakes or on the coast. It is also consistent with a story that, after 2000, only the highly skilled were able to live near the lakes, possibly due to increasing housing prices. Additionally, these results suggest that perhaps it is the increase in high skilled workers in coastal counties that is driving the productivity improvements that have led to increases in employment. However, we caution that the low explanatory value of these models, as evidenced by the small values of the adjusted R-squared, suggests more analysis may be needed.
Sensitivity Analysis and the Role of Recreational Homes
Because of the role that recreational homes can play in economic growth in high-amenity areas (Deller et al., 1997) , we re-estimated each of our core models but included the percentage of recreational homes in that county as a control (results not shown). While we are concerned that recreational homes may be endogenous and may be highly correlated with proximity to the lake, we find that there appears to 
VI. Conclusion and Future Research
With the economic recession and ongoing economic restructuring, there is interest in the Great
Lakes region in whether the lakes themselves can be drivers of growth. There is an increased sense of urgency in finding new ways to generate growth, especially for the former Rustbelt cities and the entire eastern part of the region, which has experienced a decline in population since the 1970s.
To assess whether the Great Lakes are associated with growth in the region, we examine changes in population, employment, and the share of college graduates. Given the access to fresh water and recreational opportunities that the Great Lakes offer, could the region reinvent itself with amenity-driven growth? Or, will the industrial legacies of the Rust Belt create a repulsion effect that overwhelms the attraction of QOL-enhancing amenities? The evidence is mixed.
There is evidence that being in a county on one of the Great Lakes is associated with growth at the high-end of the human capital spectrum, as seen by the relationship with growth in the share of college graduates. This is consistent with work by Moretti (2004) and Roback (1988) that suggests that amenities are more important to those with higher incomes or higher human capital and by Kerr (2011) that shows that amenities are luxury goods. Additionally, Great Lakes coastal counties in the eastern part of the region, with their industrial legacy, seem to be doing just as well as their western counterparts in terms of increasing shares of college graduates, and this trend continues past 2000. It appears that amenity-based migration by those with higher levels of education is happening throughout the region and did not trail off after 2000.
At the same time, overall population changes in the Great Lakes region do not appear to be driven by a strong amenity effect. In the 1990s, there is some evidence that people may be interested in locating 22 close enough to one of the lakes to enjoy their recreational benefits but not necessarily on one of the lakes. This is consistent with studies that show proximity benefits from natural amenities. It may also be that other factors such as housing prices affect exactly where they choose to live, and that higher rents near the lake may lead them to choose to be close enough to enjoy the benefits of the lakes, but just far enough away where they do not have to pay the amenity premium in their housing costs. But, between the 1990s and the 2000s, the relationship between proximity to the lakes and population growth declines.
Since positive amenities are normal or superior goods, the housing crisis and the two recessions of the 2000s may have made households, in general, less concerned with amenities and disamenities.
Alternatively, it could be that the decline in environmental quality of the lakes starting in the late 1990s has made the lakes less attractive after 2000.
One possibility for the relatively weak results for overall migration is that that, by using countylevel data, we are not able to distinguish between those households that live directly on or within a short distance of one of the Great Lakes and those that live within a coastal county but farther from the lake.
Thus, in future work we will use micro-level data at the household level to try to distinguish true coastal households from those who simply live "near" one of the lakes.
At first glance, it also appears that the Great Lakes do not seem to play much of a role in overall employment changes in the region, with almost no discernible relationship between proximity to the lakes and employment changes after 2000. However, when we look at whether the value of proximity to the lakes is changing between the decades, we see evidence that being on the coast is becoming more important to employment growth. Perhaps this is due to the increasing numbers of college graduates who are moving into the coastal counties thus creating productivity benefits for employers.
Finally, we note that both nationally and in this region, there is a dramatic decrease since 2000 in both population and employment growth. This could be because rising housing costs may be offsetting amenity benefits for the broader population and resulting in smaller disequilibrium adjustments toward equilibrium in terms of population and employment changes after 2000. In this region, if the higher housing prices mean that only the higher-skilled, higher-income workers and households can afford to live near the lakes, this could have important distributional or welfare effects not explored in this paper.
At the same time, if coastal areas in the Great Lakes region can attract high-skilled workers that could have tremendous benefits for the region in terms of transforming it into one that is economically diverse and includes higher-paying, higher-skilled jobs. Previous work has shown that as high-skilled labor enters a market, this can also attract new firms entering the region who demand this high-skilled 23 labor. Through knowledge spillovers and productivity increases as well as bidding between firms, wages can increase (Deller et al., 2001; Partridge and Rickman, 2003b; Kim et al., 2005; Rosenthal and Strange, 2001; 2003) . However, this strategy could also crowd out lower-skilled, lower-income workers from these areas.
There also could be tremendous heterogeneity in terms of the ability of specific communities to implement an economic development strategy focused on attracting high-skilled workers with lake amenities. It may be that a combination of both access to amenities and jobs in specific industries are important to attracting high-skilled workers; thus it would be interesting to investigate which types of jobs the college graduates are taking. Finally, we note that our results do not suggest that natural amenities in this region are more attractive than those in California, Florida, or the Mountain West. However, they do imply that there may be a way that communities in this region can capitalize on their natural amenities even if they cannot replicate the levels of growth seen in other high-amenity locations. Future work should also consider other measures of growth, such as the change in the share of self-employment or employment in specific industries or occupations.
The real and perceived quality of amenities varies throughout the region and changes over time.
For example, there is evidence that many would-be tourists think of Lake Erie as dirty (Ohio Sea Grant, 2005) while there are positive perceptions of Lake Superior's water quality. Even when environmental restoration improves quality, changes in perceptions may take time. As the same time, water quality has declined for many parts of the region in recent years and this may or may not be known to potential inmigrants. Overall, this research suggests that for those counties and sub-regions close to the Great Lakes there may be economic benefits to preserving or restoring the quality of the lakes as a QOL-enhancing amenity. 
Model 2 Model 3 2000 to 2007
Demographic includes initial (1990 or 2000) variables representing education levels ( % college graduates, % some college, % high school graduates), population density, age (% under 18 and % over 65), race (% white), % married, and
to 2000
Model 1 Model 3 Model 1 Model 2
Industry includes initial (1990 or 2000) % of population that was employed, % nonfarm proprietor employment, % manufacturing employment, % agriculture employment, % government employment, and % wage and salary leisure employment. Other Economic Controls include 1970 manufacturing employment share and spatially-lagged 1990 employment share variables.
Demographic includes initial (1990 or 2000) variables representing education levels ( % college graduates, % some college, % high school graduates), population density, age (% under 18 and % over 65), race (% white), % married, and % female. Industry includes initial (1990 or 2000) % of population that was employed, % nonfarm proprietor employment, % manufacturing employment, % agriculture employment, % government employment, and % wage and salary leisure employment. Demographic includes initial (1990 or 2000) variables representing education levels ( % college graduates, % some college, % high school graduates), population density, age (% under 18 and % over 65), race (% white), % married, and % female. Industry includes initial (1990 or 2000) % of population that was employed, % nonfarm proprietor employment, % manufacturing employment, % agriculture employment, % government employment, and % wage and salary leisure employment. *** Indicates significance at the 99% level; ** significance at the 95% level; and * significance at the 90% level. Demographic includes 1990 variables representing education levels ( % college graduates, % some college, % high school graduates), population density, age (% under 18 and % over 65), race (% white), % married, and % female. Industry includes 1990 % of population that was employed, % nonfarm proprietor employment, % manufacturing employment, % agriculture employment, % government employment, and % wage and salary leisure employment.
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